INTRODUCTION
The study of planet building in protoplanetary disks is an emerging area of emphasis.
The number of detected exoplanetary systems continues to increase (e.g., Bouchy et al. 2009; O'Toole et al. 2009 ) and the inventory of dust mineral composition, organic materials, water abundances, ices, and gas content in the planet forming regions is now routinely determined from remote sensing spectrophotometry obtained by the NASA Spitzer Space Telescope and other facilities. However, the process by which micron-sized dust grains, volatile ices, and gas coalesce, aggregate, and grow leading to large planet-sized bodies is not well understood. Within our solar system, the main belt and Near-Earth asteroids (NEAs), are relics from the epoch of planet-building (Bottke et al. 2005 ). These objects can be statistically surveyed to characterize the size-frequency distribution, related to the evolution of planetesimals the solar system, to determine the albedo distribution, a measure of compositional gradients extant at the epoch of planet building, and to constrain models of solar system evolution (e.g., Gomes et al. 2005) .
However, models of solar system formation are primarily constrained by albedo calculations from the Infrared Astronomical Satellite (IRAS; Tedesco et al. 2002a ) and the Mid-Course Satellite Experiment (MSX; Tedesco et al. 2002b) surveys. In this paper we re-analyze the asteroid photometry from IRAS and MSX with the Standard Thermal Model and the more recent Near Earth Asteroid Thermal Model to derive revised albedo and diameter estimates for asteroids detected in these surveys. We compare the results from our new analysis to occultation and radar derived diameters in an effort to assess which thermal model approach is of higher fidelity and therefore more applicable in the analysis of large volume ecliptic asteroid surveys such as those conducted by the NASA Wide-Field Infrared Satellite Explorer mission (WISE; Liu et al. 2008 ).
ARCHIVAL ANALYSIS

Asteroid Selection from Catalogs
The IRAS catalog was produced for asteroid sightings in IRAS survey data (Tedesco et al. 2004a ). The flux catalog consists of 12, 25, 60, and 100 µm photometric data of varying qualities for 9244 asteroid sightings. In this catalog, the data quality flags (DQF) range from values of 1 (low-quality) to 5 (high-quality), the latter DQF value denoting asteroids detected a minimum of twice in a given IRAS photometric bandpass. We selected all asteroids from the IRAS catalog with a DQF value of 3 or greater, and with reported fluxes in either three or four IRAS bandpass for analysis. These selection criteria produce a catalog of 5940 sightings of 1425 individual asteroids.
The MSX sightings catalog (Tedesco et al. 2004b ) contains 325 individual sightings of asteroids. Data quality from MSX is not flagged; therefore, our MSX selection criterion accepts all asteroids for which fluxes in either three or four bands are reported for a given single sighting. This results in a dataset of 185 sightings of 92 individual asteroids. Table 1, the criteria-selected asteroid catalog (CSAC), summarizes all asteroids extracted from the IRAS and MSX catalogs. The entire table is available in an one-line electronic compilation.
Models
To determine the albedos and diameters of asteroids present in IRAS and MSX data, we have utilized both the Standard Thermal Model (STM; Lebofsky & Spencer 1989) and the Near Earth Asteroid Thermal Model (NEATM; Harris 1998). We used these models to generate a best-fit spectral energy distribution (SED) from all flux measurements simultaneously obtained at a given epoch for each asteroid in our CSAC database. Our approach differs from the methodology employed by Tedesco et al. (2004a,b) where albedos and diameters were determined in each observation band and then averaged for the reporting of a "bulk" albedo.
The STM and the NEATM commonly used to obtain diameters and albedos of asteroids from mid-infrared (IR) photometry incorporate a variety of assumptions, the validity of which can be tested given extensive and reliable observational data. Briefly, we highlight the assumptions of each model with particular emphasis on how model assumptions influence the derivation of diameters and albedos.
The STM (Lebofsky & Spencer 1989) is the model used for the analysis of IRAS data by Tedesco et al. (2004a) . This model assumes that: an asteroid is a perfect sphere; the asteroid temperature distribution is function of angular distance from the sub-solar point; the IR flux scales linearly in magnitudes with phase angle; and the thermal flux from an asteroid only arises from the illuminated "day-side" of an asteroid. The STM also invokes use of a fixed parameter, η, referred to as the beaming parameter. The value of η is chosen such that the diameters of asteroids Ceres and Pallas derived from IR observations of (Lebofsky & Spencer 1989 ) are equivalent to those determined from stellar occultation experiments (i.e., direct measures). The η parameterization accounts for surface roughness and thermal inertia, tacitly assuming that all asteroids have a similar surface characteristics, and presupposes that all compositions have the same thermal inertia.
The thermal distribution assumed for the STM is defined as
where the temperature, T is in Kelvin, A is the geometric Bond albedo, S ⊙ is the solar constant (W m −2 ), r h is the heliocentric distance (AU), ǫ is the emissivity of the object (assumed to be 0.9), σ is the Stefan-Boltzmann constant, and Ω is the angular distance from the sub-solar point.
Because the STM does not provide good fits to NEAs, Harris (1998) introduced the NEATM model. The NEATM assumes an asteroid is a perfect sphere, the temperature distribution on the asteroid is a function of both latitude and longitude, the asteroid has a spin axis perpendicular to the Sun-Earth plane, and only the "day-side" of the asteroid contributes to the thermal flux. This model does not scale the thermal flux as a function of phase angle, rather it numerically calculates the actual thermal flux detected from the illuminated portion of a smooth sphere visible at a given phase angle. The NEATM also utilizes a beaming parameter (η), but rather than treating it as a fixed value the model defines η as a measure of deviation from a smooth body with zero thermal inertia. As a free parameter, η is best-fit simultaneously with the geometric albedo of a target.
The object thermal distribution assumed for the NEATM is:
where φ is the latitude, and θ is longitude. All other variables in this relation are defined as in Eqn. 1.
Our implementation of the STM and the NEATM fits the observed photometric data using the downhill simplex method of chi-squared minimization (Press et al. 1993 ). The asteroid diameters are derived from the relation of ,
where p v is the geometric albedo and H is asteroid absolute magnitude for both models. Table 1 ). Those objects detected with signal-to-noise ratios < 10 have their fluxes over predicted by the IRAS point source extraction routines (Tedesco et al. 2002a ); however, these flux overestimates are linear with respect to signal-to-noise ratio and can be corrected with a multiplicative factor. The point source extracted fluxes (columns labeled "flux"), the multiplicative flux correction factor (columns labled "flux Correction"), and overestimate corrected fluxes (columns labeled "Corrected Flux") are reported in the CSAC.
We also utilize the color corrections published for IRAS and MSX (Beichman et al. 1988; Egan et al. 1999) ; these color corrections are calculated in 10 degree bins. We do not color correct the IRAS photometry based on the sub-solar temperature. Instead, we apply the color correction using the mean temperature of the illuminated face of the asteroid which allows the asteroid to have a non-zero thermal inertia (e.g., dependent on surface properties, rotational periods). The effective blackbody temperature of the asteroid SEDs utilizing the IRAS fluxes for a given sighting are cooler (i.e., the SEDs peak near 25 µm) than that of the sub-solar temperature inferred for the effective heliocentric distance. Therefore, we calculate the mean temperature (from the temperature distribution defined in each model)
as a proxy for the effective temperature of the object for the purposes of color correction.
Use of the sub-solar temperature for the color correction is especially problematic for the NEATM fits to asteroid photometry, as the adoption of a sub-solar temperature for the color correction introduces a somewhat simplified first order assumption regarding the thermal inertia of the body (i.e., the body has zero thermal inertia such that it is in instantaneous equilibrium with the radiation field), and hence complicates interpretation of the derived values of η. Our approach is a departure from the Tedesco et al. (2004a,b) methodology results which utilize the sub-solar temperature for color corrections. Geometric albedoes and diameters derived from using the mean temperature color corrected fluxes in each model are also provided in this table. Entries in Table 2 should enable corroboration of our methodology. The entire table is available in an one-line electronic compilation.
The χ 2 minimization fitting of the asteroid photometric data from the STM and the NEATM do not yield formal errors for each fit parameter. To determine the uncertainty of the albedo, diameter, and where applicable η derived from the models, a Monte Carlo code was utilized in conjunction with the observed photometry to create 100 synthetic asteroid sightings per sighting for each body in Table 1 . The 100 synthetic sightings retained the orbital information such as heliocentric (r h ) and geocentric distance (∆), but varied the photometric flux within the photometric uncertainties cited in each of the original source catalogs for a given asteroid. Results of our model fits with Monte Carlo simulation of the photometric uncertainty is presented in Table 3 . This table contains both the STM and the NEATM albedo and diameter determinations for each sighting. In the solutions catalog entries for which the STM solutions did not converge are marked with a value of -1000.0 in the albedo, albedo error, diameter, and diameter error columns.
RESULTS & DISCUSSION
Mean albedo and diameter values for asteroids from MSX and IRAS are reported in our ancillary on-line catalog, whose format and example entries are given in Table 4 . All subsequent analysis, discussion, and conclusions in this manuscript are based on the data in Table 4 . Comparison of our STM results with those in previously published studies (e.g., Tedesco et al. 2004a,b) , indicate that the albedos obtained using an ensemble of four simultaneous measured photometric bands are systematically bluer than those determined from the mean of single channel (i.e., single photometric band) albedos. The offset between the mean single channel albedos and simultaneous ensemble albedos is 12% of as depicted in Fig. 1 .
The NEATM fits of asteroid albedo yield an albedo distribution for the main belt asteroids that are redder and narrower than the solutions from the STM. This effect is illustrated in Fig. 2 , a histogram distribution of the derived geometric albedos of each model.
The mean albedo for asteroid NEATM fits is p v (NEATM mean)= 0.081 ± 0.064 while the mean albedo for the STM solutions is p v (STM mean)= 0.120 ± 0.099. Canonically, the mean albedo adopted for main belt asteroids is 0.11 (Parker et al. 2008; Yoshida & Nakamura 2007; Ivezić et al. 2001) .
Comparison of the albedos we have derived for individual objects cataloged in both the IRAS and MSX databases, to those estimated through use of either the IRAS or MSX observations alone differ with a dispersion of ∼ 4%, Fig. 3 . Though many asteroids have multiple IRAS sightings, most of these sightings are separated by minutes. This observational cadence does not allow one to obtain infrared light curves for asteroids whose rotational periods have timescales of hours to days. The majority of asteroids sighted in the MSX catalog have photometry for only a single sighting, thus the photometry of these targets is not as robust as the observations from IRAS. Shape and inhomogeneous surface compositions as well as flux measurement errors could also account for the observed dispersion between the IRAS and MSX albedos.
Validation of Model Asteroid Diameters
Independent best-fits SEDs generated using the STM and the NEATM to the identical asteroid photometric datasets can yield very disparate results for derived diameters and albedos. For example, the NEA 1627 Ivar was observed in the IR by Delbo et al. (2003) .
The solutions for this target using the STM and the NEATM yield geometric albedos ranging from 0.05 to 0.20, corresponding diameters between 9.12 km to 7.94 km respectively.
The radar derived effective diameter (Ostro et al. 1990 ) of Ivar is 8.5 km.
The validity of thermal models fits to the IRAS photometric data of Tedesco et al.
(2002a) is difficult to assess as the model-estimated diameters of Ceres are not equivalent to the occultation-derived determinations. This discrepancy is problematic as the STM model was optimized with a beaming parameter η set to 0.756 for the large asteroids Ceres and Pallas which may have thermal characteristics that are distinct from the general asteroid population (Lebofsky & Spencer 1989) . The derived diameters for the largest asteroids observed by IRAS apparently are systematically low due to the use of "band-to-band" albedo corrections (Tedesco et al. 2002a ). The band-to-band correction is a multiplicative factor of 1.12 which is applied to 25 and 60 µm derived albedos such that their values come into agreement with those albedos derived from 12 µm photometry.
Derivation of the band-to-band correction is not clearly explained in either Tedesco et al. (2002a) , Tedesco et al. (1992) , or Tedesco (1994) , hence examination of the underlying assumptions (e.g., wavelength dependent η) and their overall validity is difficult. However, to test the general applicability of the Tedesco et al. (2002a) invoked band-to-band corrections, we ran the STM on the single channel photometry at 12, 25
and 60 µm and determined the mean difference between occultation and radar derived diameters (many of which were not earlier extant) to those derived from IRAS data. In this analysis we utilized occultation and radar derived diameters of 80 asteroids and find the mean difference between the occultation-derived diameters and the 12 µm only diameters was ≃ 17%, and ≃ 25% and ≃ 5% for the 25 and 60 µm only diameters, respectively. This analysis suggests that use of a single channel albedo correction has highest fidelity when applied to IRAS 60 µm photometry.
To determine which thermal model (either the NEATM or the STM) approach generates diameters that are commensurate with asteroid diameters determined by independent and/or direct measurement techniques, we have compared object diameters in Table 4 to those diameters established by radar or occultation observations. Cross-correlation of catalog entries in the IRAS, radar, and occultation databases yields 118 asteroids for this inter-comparison, Table 5 . Generally, the STM underestimates asteroid diameters by ∼ 10% when compared to radar and occultation derived estimates, while the NEATM underestimates diameters by ∼ 4% as illustrated in Fig. 4 . In absolute terms, application of the NEATM approach yields refined diameters commensurate with radar and occultation measurements, Fig. 5 . However, there are moderate uncertainties (≃ 10%) in the formal error of the derived diameters quoted for many asteroids observed with either radar or occultation technique. Thus, application of either the STM or the NEATM approach to model IR asteroid photometry is reasonable with appropriate assumptions and caveats.
The beaming parameter, η
The beaming parameter, η, within the main belt asteroids follows an approximate commensurate with those we have derived using the NEATM (Table 6 ). Hence the NEATM appears to be the preferable model to invoke to derive diameters from photometry.
Sparse-Sampling Effects
Our thermal model analysis of asteroid SEDs derived from simultaneous multi-band photometry enables quantitative assessment of the relative quality of albedo and diameter determined for asteroids that have only single photometric band (i.e., single-channel) measurements. Comparison of albedos derived solely from 12 µm photometry to those resulting from model fits to SEDs differ by ≃ 6%, while the variance between 25 µm only albedo fits and SEDs estimates are < ∼ 45%. This discrepancy between albedo solutions may account for the distinct differences in our derived diameters and albedos (Table 4) compared to those previously published in the literature (Tedesco et al. 2004a,b) even though a band-to-band correction of the order 12% was applied to the 25 and 60 µm derived albedos from Tedesco et al. (2002a) . However, the 12 µm only albedo fits are in better consonance with those derived from the ensemble SED model-fits because the 12 µm bandpass from IRAS is narrower than the 25 µm bandpass. Although color corrections exist for all IRAS wavebands, constraining albedo by use of the 25 µm photometry is difficult as the bandpass is ≃ 15 µm wide, and many albedo solutions can fit this single photometric point.
Asteroid albedos derived from MSX photometry show no clear divergence between the albedos determined from 4-channel simultaneous photometry (SED modeling) and albedos obtained using the 12 and 14 µm channels individually. However, use of either the shortest or longest wavelength photometry does produce discrepant albedo estimates: the 21 µm photometry yields a variance of ≈ 10%, while the 8 µm produces an incongruity of ≈ 54% compared to the SED derived values. The large differences in the derived albedos using the 8 µm photometry is most likely due to solution ambiguities arising from the steepness of the greybody curve on the Wien side of the Planck flux distribution and the 20% photometric uncertainty of the reported 8 µm flux densities.
Spectroscopic Type and Albedo
Future all sky surveys, such as currently being conducted by the WISE mission or Inspection of the NEATM albedos for the Bus-DeMeo taxonomic types (Table 7) indicates that the S-and C-type complexes have relatively narrow ranges of albedo. The NEATM albedo histogram distributions of asteroids with known Bus-DeMeo S-, C-and X-type classifications is presented in Fig. 9 . The NEATM albedo values for these classes are lower in value than the STM derived albedos. The NEATM albedo range best-matches the spectroscopically inferred compositions of S-and C-class asteroids as suggested by laboratory albedo measurements of ordinary chondrite and carbonaceous chondrite materials (Piironen et al. 1998) . Possibly, observations of asteroids in photometric bands akin to the Sloan Digital Sky Survey (SDSS; Parker et al. 2008 ) filter set, when extended into the near-IR, could provide a basic taxonomic classification of a newly discovered object reliable enough to obtain an asteroid diameter within ∼ 10%. However, the veracity of this assertion cannot be assessed as asteroids selected for our thermal analysis (Table 1) are sufficiently large enough in size that they would have saturated the SDSS images and are thus not present in their moving target catalog (Ivezić et al. 2002) .
CONCLUSIONS
We have derived new asteroid diameters and albedo estimates utilizing 1517 objects selected from the IRAS and MSX asteroid catalogues using updated infrared thermal models, the STM and the NEATM. Spectral energy distributions using multi-band simultaneous infrared photometry and new values for asteroid absolute magnitudes (H-values) compiled in the MPC were fit and rectified using available occultation and radar derived diameters as constraints. Our model analysis suggests that the NEATM produces a more robust estimate of albedos and diameters. With the NEATM approach we find that the mean asteroid albedo is p v (NEATM mean)= 0.081 ± 0.064, suggesting that the canonical albedo adopted for main belt asteroids, 0.11, (Parker et al. 2008; Yoshida & Nakamura 2007; Ivezić et al. 2001 ) may be an overestimate. The mean beaming parameter, η, of asteroids in our select compilation is 1.07 ± 0.27. The smooth distribution of η suggests that the beaming This manuscript was prepared with the AAS L A T E X macros v5.2. (Table 5 ) with known rotational rates as published in the catalog of Harris et al. (2008) . 
